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FIG. 1 Illustration of the undulator and wiggler limits, at
the top and the bottom, respectively. The lobes represent the
direction of the instantaneously emitted radiation.  is the
maximum angle between the electron velocity and the prop-
agation axis ~e

z

and �✓ is the opening angle of the radiation
cone. When  ⌧ �✓ (undulator), the electron always radi-
ates in the same direction along the trajectory, whereas when
 � �✓ (wiggler), the electron radiates toward di↵erent di-
rections in each portion of the trajectory.
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With the trajectory of the electron periodic, the emit-
ted radiation is also periodic since each time the electron
is in the same acceleration state, the radiated amplitude
is identical. The period of the radiated field can be cal-
culated to obtain the fundamental frequency of the radi-
ation spectrum. The radiation emitted in the direction
~n, forming an angle ✓ with the ~e

z

direction, is consid-
ered, as represented in Fig. 2. The field amplitude ~A
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radiated in the direction ~n by the electron at z = 0 and
t = 0 propagates at the speed of light c. At z = �
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The radiation spectrum consists necessarily in the funda-
mental frequency ! = 2⇡c/� and its harmonics. To know
if harmonics of the fundamental are e↵ectively present in
the spectrum, it is instructive to look at the electron mo-
tion in the average rest frame, moving at the velocity �

z

in the ~e
z

direction with respect to the laboratory frame.
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FIG. 2 Schematic for the calculation of the spatial period � of
the radiation emitted toward the direction of observation ~n,
forming an angle ✓ with the ~e

z

direction. At the two positions
marked by a blue point, the electron radiates the same field
amplitude. The distance between these two amplitudes at a
given time corresponds to �.

If K ⌧ 1, the longitudinal velocity reduction is negli-

gible: �
z

' � and �
z

= 1/

q
1 � �

z

2 ' �. The motion
contains only the fundamental component. Indeed, the
motion reduces to a simple dipole in the average rest
frame. The spectrum consists in a single peak at the
fundamental frequency ! which depends on the angle of
observation ✓. As K ! 1, radiation also appears at har-
monics.
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the trajectory is a figure-eight motion. It can contain
many harmonics of the fundamental. In the laboratory
frame, this can be explained by the fact that an ob-
server receives short bursts of light of duration ⌧ . In-
deed, the instantaneous radiation is contained within a
cone of opening angle �✓ = 1/� centered on ~� and points
toward an observer positioned in the direction ~n during
a time �t (see Fig. 3), corresponding to the variation

of ~� by an angle �✓ = 1/�. Locally, a portion of the
trajectory can be approximated by a portion of a cir-
cle of radius ⇢, such that the direction of the velocity
~� changes by an angle �✓ when the electron travels a
distance d
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= 2⇡⇢ ⇥ (�✓/2⇡) = ⇢/�, which corresponds
to a time �t = t

e

= d
e

/(�c). During the time �t, the
radiation has covered a distance d
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The temporal profile (see the inset of Fig. 3) of the radia-
tion emitted in the wiggler regime has been qualitatively
obtained. The Fourier transform of this typical profile
gives a precise representation of the radiation spectrum.
With the time profile a succession of bursts of duration
⌧ , the spectrum will contain harmonics up to the critical
frequency

!
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Description of the idea - I
n0

assumptions

Table 1: ATF (2017) e� beam and CO2-laser properties

e� beam
Input energy (E) 80 MeV
Emittance 1 mm-mrad
�r 50 µm r.m.s.
�beam 2.5 mm
Charge 100 pC
Bunch length (�z/c) 1 psec
�E/E 0.15 r.m.s.
CO2 laser
�0 10.3 µm
w0 (1/e2 radius) 30 - 100 µm
ZR 0.3 - 3 mm
Pulse energy 5 J
Pulse length 3.5 - 1.5 psec
Pulse power 1 - 3 TW
Polarization Linear

Table 2: ATF-2 e� beam and CO2-laser properties

e� beam
Input energy (E) 500 MeV
Emittance
�r
�beam
Charge 10-100 pC
Bunch length (�z/c) > 100 fsec
�E/E

CO2 laser
�0 10.3 µm
w0 (1/e2 radius) 30 - 100 µm
ZR 0.3 - 3 mm
Pulse energy 50 J
Pulse length 500 fsec
Pulse power 100 TW
Polarization Linear

structures, allowing it to sample a nearly constant phase of plasma field. This allows the whole
bunch to be collectively driven by fields of nearly the same magnitude.

vlaser = vstructure ' c
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3 Expected results - Ion-cannel laser experiments

We estimate various parameters for the Ion-channel Undulator experiment at di↵erent plasma
densities for ATF parameters achievable in 2017 (laser and e�-beam parameters in Table 1).
The parameters of Ion-channel undulator (laser guiding, electron betatron wavelength, radiation
wavelength, radiated power and energy) are summarized in tables 3, 4 and 5.

There are two major advantages of using Ion-channel undulator over the conventional mag-
netic lattice based undulators:

1. significantly lower values of �u and �� .
2. significantly higher equivalent magnetic fields (plasma electrostatic fields in the ion-channel

⇠ Eplasma/c) of the Ion-channel undulator.
Laser and Plasma parameter scans with density are presented in Appendices.

Table 3: Ion-Channel Undulator / Plasma Undulator properties at 2⇥ 1017 cm�3

Plasma parameters 1TW 2TW
Density 2⇥ 1017 cm�3

Critical Power (Pc) 1.1 TW 1.1 TW
P/Pc 0.88 1.87
matched-w0 32 µm 36 µm
a0 1.52 1.95
�� 1.45 mm 1.45 mm
ZR (matched-w0) 0.32 mm 0.4 mm
�r/w0 0.9 0.8
��/�beam 0.05 0.05
KICU (undulator strength) 20.8 20.8
�ICU (��/2�2beam) 26 nm 26 nm
PICU (rad. power) 0.045 W 0.045 W
EICU (energy @ 1 ��) 200 ⇥10�12 J 200 ⇥10�12 J
Nph (@ 1 ��) 2.7 ⇥1010 2.7 ⇥1010
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KICU (undulator strength) 20.8 20.8
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Betatron frequency :

Undulator wavelength :

Strength parameter :

Plasma frequency :

3 Positron acceleration using laser-driven plasma-electron waves:
motivation & description

Laser driven plasma electron density waves of near speed-of-light phase-velocity interact with a
co-propagating lepton beam through their electromagnetic fields which scale with the electron
density. As the longitudinal and transverse electrostatic fields developed due to the separation
of charges between the lighter electrons and the heavier ions, the plasma wave can easily reach
100

p
n0(cm�3) V/m.

!pe =
p

4⇡e2n0/me

Primarily this has been to study the use of strongly cavitated plasma waves as accelerating
structures, but quietly there has been a second revolution in the use of these same plasma devices
as “insertion devices". Strictly speaking they are not really inserted into the beam, but come for
free with the accelerating structure also having strong focussing fields that can lead to betatron
oscillations and to strong radiation generation.

The use of these undulating fields within the plasma has allowed us to recently demonstrate
plasma based radiation sources that have comparable, if not higher, peak brightnesses than third
generation light sources, but also feature high flux, and unique features such as micron source
size and femtosecond time resolution. This has enabled several high quality applications of these
beams in lensless imaging for medical, ultrafast and complex three-dimensional purposes, as well
as enabling ultrafast absorption spectroscopy. Clearly undulating plasma structures have proven
their worth as radiation generation structures.

However there is one major drawback to the use of the same structure that accelerates the
beam to also undulate the beam. This is the fact that the resulting change in energy (and also in
transverse momentum) means inevitably that the source will be broadband. Though this is not
a problem for many applications (such as phase contrast imaging where this can localise phase
effects, and absorption spectroscopy that positively requires large bandwidth), however it does
prevent one important application of the plasma undulator and that is in the ion channel laser.

An ion channel laser [1] is a free electron laser generated in the radially linear transverse
fields of a fully cavitated plasma channel. The channel is made to be an essentially 2D structure
so that the effect of accelerating fields is minimised. By propagating for long distances in such
a structure it is conceivable to imagine that the radiation generated by the gentle undulation of
electrons (r� << �ICU ). In this way, the emitted radiation can copropagate with the generating
electron beam, and as it does so its intensity increases to the point that it can start to micro
bunch the electrons. Microbunching leads to super radiant amplification of the emitted radiation
and this feedback loop can lead to lasing within the laser channel.

A plasma based undulator can have a number of advantages over a standard undulator, which
are big, bulky and expensive. The high fields of the plasma mean that the oscillation wavelength
is intrinsically short, only slightly longer than that plasma frequency (!� = !p/

p
2�e). Similarly

the large fields mean that for any given oscillation parameter, the acceleration is higher and thus
the rate at which radiation is produced is higher. Both these factors combined mean that the
length required for lasing can be significantly shorter than for a standard undulator, thus being
of immense interest in compact next generation radiation sources.
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Description of the idea - II
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3 Expected results - Ion-cannel laser experiments

We estimate various parameters for the Ion-channel Undulator experiment at di↵erent plasma
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Laser and Plasma parameter scans with density are presented in Appendices.
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netic lattice based undulators:

1. significantly lower values of �u and �� .
2. significantly higher equivalent magnetic fields (plasma electrostatic fields in the ion-channel

⇠ Eplasma/c) of the Ion-channel undulator.
Laser and Plasma parameter scans with density are presented in Appendices.
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Laser-Plasma challenges

§  Laser self-guiding in plasma [P/Pc & ZR]

§  Ion-channel velocity [γϕ] vs. beam velocity [γbeam]

§  Extent of cavitation [δn/n vs. a0]

§  Laser focal-spot matching in plasma [w0 vs. c/ωp a0
0.5]

§  Betatron wavelength vs. laser guiding distance [λβ / ZR]

§  Beam radius vs. laser focal-spot [σr / w0]  



Laser-Plasma BNL-ATF parameters
Table 1: ATF (2017) e� beam and CO2-laser properties

e� beam
Input energy (E) 80 MeV
Emittance 1 mm-mrad
�r 50 µm r.m.s.
�beam 2.5 mm
Charge 100 pC
Bunch length (�z/c) 1 psec
�E/E 0.15 r.m.s.
CO2 laser
�0 10.3 µm
w0 (1/e2 radius) 30 - 100 µm
ZR 0.3 - 3 mm
Pulse energy 5 J
Pulse length 3.5 - 1.5 psec
Pulse power 1 - 3 TW
Polarization Linear

Table 2: ATF-2 e� beam and CO2-laser properties

e� beam
Input energy (E) 500 MeV
Emittance
�r
�beam
Charge 10-100 pC
Bunch length (�z/c) > 100 fsec
�E/E

CO2 laser
�0 10.3 µm
w0 (1/e2 radius) 30 - 100 µm
ZR 0.3 - 3 mm
Pulse energy 50 J
Pulse length 500 fsec
Pulse power 100 TW
Polarization Linear

structures, allowing it to sample a nearly constant phase of plasma field. This allows the whole
bunch to be collectively driven by fields of nearly the same magnitude.

vlaser = vstructure ' c
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Laser-Plasma BNL-ATF-II parameters

Table 1: ATF (2017) e� beam and CO2-laser properties

e� beam
Input energy (E) 80 MeV
Emittance 1 mm-mrad
�r 50 µm r.m.s.
�beam 2.5 mm
Charge 100 pC
Bunch length (�z/c) 1 psec
�E/E 0.15 r.m.s.
CO2 laser
�0 10.3 µm
w0 (1/e2 radius) 30 - 100 µm
ZR 0.3 - 3 mm
Pulse energy 5 J
Pulse length 3.5 - 1.5 psec
Pulse power 1 - 3 TW
Polarization Linear

Table 2: ATF-2 e� beam and CO2-laser properties

e� beam
Input energy (E) 500 MeV
Emittance
�r
�beam
Charge 10-100 pC
Bunch length (�z/c) > 100 fsec
�E/E

CO2 laser
�0 10.3 µm
w0 (1/e2 radius) 30 - 100 µm
ZR 0.3 - 3 mm
Pulse energy 50 J
Pulse length 500 fsec
Pulse power 100 TW
Polarization Linear

structures, allowing it to sample a nearly constant phase of plasma field. This allows the whole
bunch to be collectively driven by fields of nearly the same magnitude.

vlaser = vstructure ' c
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PICU concept - PIC simulation

~ 40 GV / m – Transverse focusing fields [~100 √(n0/1018cm-3) GV/m]

Effective Undulator Magnetic field à BU ~ Eplasma / c = 100 T

Undulator wavelength à λu ~ 1.5 mm

n0 = 2 × 1017 cm-3  à artificial thin - wide beam    	



Laser self-guiding vs. a0 parameters
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Figure 4: Ratio of the laser power (P ) to the critical power (Pcrit) for self-guiding versus plasma
density, n0 for 1TW CO2 laser. On the right-hand side axis (in red), a0 corresponding to P and
matched-w0 versus the plasma density, n0.
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Figure 5: Betatron wavelength and the Rayleigh length (corresponding to the matched-w0)
versus the plasma density, n0.
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1 TW – Feb / Mar ‘17
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Figure 11: Ratio of the laser power (P ) to the critical power (Pcrit) for self-guiding versus plasma
density, n0 for 2TW CO2 laser. On the right-hand side axis (in red), a0 corresponding to P and
matched-w0 versus the plasma density, n0.
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Figure 12: Betatron wavelength and the Rayleigh length (corresponding to the matched-w0)
versus the plasma density, n0.
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Betatron wavelength vs laser-guiding length
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Figure 11: Ratio of the laser power (P ) to the critical power (Pcrit) for self-guiding versus plasma
density, n0 for 2TW CO2 laser. On the right-hand side axis (in red), a0 corresponding to P and
matched-w0 versus the plasma density, n0.
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Figure 12: Betatron wavelength and the Rayleigh length (corresponding to the matched-w0)
versus the plasma density, n0.
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e-beam size vs laser focal-spot size
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Figure 15: Ratio of the e�-beam focal spot-size, �r to the matched laser focal spot-size, w0

versus the plasma density n0, for 2TW CO2-laser.
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Figure 8: Ratio of the e�-beam focal spot-size, �r to the matched laser focal spot-size, w0 versus
the plasma density n0, for 1TW CO2-laser.
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Figure 9: Undulator strength parameter, KICU for di↵erent e�-beam betatron trajectory am-
plitude, r� versus the plasma density, n0.
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Ion-channel trans. size – laser guiding / cavitation
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Figure 10: Ratio of the laser power (P ) to the critical power (Pcrit) for self-guiding versus the
plasma density, n0 for 1TW CO2 laser. On the right-hand side axis (in red), matched CO2-laser
spot-size w0 versus the plasma density, n0.

Appendix B : CO2-laser - 2 TW Parameter Scan

Here we present a density scan for several parameters relevant to the Ion-Channel Undulator at
2TW power of the CO2 laser.

12



Tuning KICU in PICU
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Figure 8: Ratio of the e�-beam focal spot-size, �r to the matched laser focal spot-size, w0 versus
the plasma density n0, for 1TW CO2-laser.
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Figure 9: Undulator strength parameter, KICU for di↵erent e�-beam betatron trajectory am-
plitude, r� versus the plasma density, n0.
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2 × 1017 cm-3 - PIC simulations
1TW

2TW



Proposed Expt. Setup

Figure 1: A simplified schematic of the proposed experiment showing the externally injected
e�-beam interacting with the CO2-laser driven structures inside a gas-cell. The CO2 laser is
brought into the gas cell using a mirror which is out of the path of the e�-beam. Isolating the
focussed CO2 laser at the exit of the gas-cell requires a mirror with a hole to let the e�-beam
and the emitted radiation to be separated form the CO2-laser. Here the e�-beam is kicked to be
collinear with the laser using a dipole magnet (similar to the IFEL experiments) before its final
focusing quadrupole doublets. At the exit of the gas-cell the e�-beam propagates through the
hole in the mirror at the exit of the gas cell before entering a dipole spectrometer. The emitted
radiation is characterized using a radiation spectrometer.

2



 2 × 1017 cm-3 – expected results
Table 3: Ion-Channel Undulator / Plasma Undulator properties at 2⇥ 1017 cm�3

Plasma parameters 1TW 2TW
Density 2⇥ 1017 cm�3

Critical Power (Pc) 1.1 TW 1.1 TW
P/Pc 0.88 1.87
matched-w0 32 µm 36 µm
a0 1.52 1.95
�� 1.45 mm 1.45 mm
ZR (matched-w0) 0.32 mm 0.4 mm
�r/w0 0.9 0.8
��/�beam 0.05 0.05
KICU (undulator strength) 20.8 20.8
�ICU (��/2�2beam) 26 nm 26 nm
PICU (rad. power) 0.045 W 0.045 W
EICU (energy @ 1 ��) 200 ⇥10�12 J 200 ⇥10�12 J
Nph (@ 1 ��) 2.7 ⇥1010 2.7 ⇥1010

Table 4: Ion-Channel Undulator / Plasma Undulator properties at 5⇥ 1016 cm�3

Plasma parameters 1TW 2TW
Density 5⇥ 1016 cm�3

Critical Power (Pc) 3.9 TW 3.9 TW
P/Pc 0.26 0.5
matched-w0 48 µm 54 µm
a0 0.1 1.3
�� 2.7 mm 2.7 mm
ZR (matched-w0) 0.72 mm 0.9 mm
�r/w0 0.6 0.6
��/�beam 0.1 0.1
KICU (undulator strength) 11 11
�ICU (��/2�2beam) 52 nm 52 nm
PICU (power) 5 ⇥10�3 W 5 ⇥10�3 W
EICU (energy @ 1 ��) 50 ⇥10�12 J 50 ⇥10�12 J
Nph (@ 1 ��) 1 ⇥1010 1 ⇥1010

References

[1] David H. Whittum, Andrew M. Sessler, and John M. Dawson, Ion-channel laser, Phys. Rev.
Lett. 64, 2511 (1990)
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 5 × 1016 cm-3 – expected results

Table 3: Ion-Channel Undulator / Plasma Undulator properties at 2⇥ 1017 cm�3

Plasma parameters 1TW 2TW
Density 2⇥ 1017 cm�3

Critical Power (Pc) 1.1 TW 1.1 TW
P/Pc 0.88 1.87
matched-w0 32 µm 36 µm
a0 1.52 1.95
�� 1.45 mm 1.45 mm
ZR (matched-w0) 0.32 mm 0.4 mm
�r/w0 0.9 0.8
��/�beam 0.05 0.05
KICU (undulator strength) 20.8 20.8
�ICU (��/2�2beam) 26 nm 26 nm
PICU (rad. power) 0.045 W 0.045 W
EICU (energy @ 1 ��) 200 ⇥10�12 J 200 ⇥10�12 J
Nph (@ 1 ��) 2.7 ⇥1010 2.7 ⇥1010

Table 4: Ion-Channel Undulator / Plasma Undulator properties at 5⇥ 1016 cm�3

Plasma parameters 1TW 2TW
Density 5⇥ 1016 cm�3

Critical Power (Pc) 3.9 TW 3.9 TW
P/Pc 0.26 0.5
matched-w0 48 µm 54 µm
a0 0.1 1.3
�� 2.7 mm 2.7 mm
ZR (matched-w0) 0.72 mm 0.9 mm
�r/w0 0.6 0.6
��/�beam 0.1 0.1
KICU (undulator strength) 11 11
�ICU (��/2�2beam) 52 nm 52 nm
PICU (power) 5 ⇥10�3 W 5 ⇥10�3 W
EICU (energy @ 1 ��) 50 ⇥10�12 J 50 ⇥10�12 J
Nph (@ 1 ��) 1 ⇥1010 1 ⇥1010

References

[1] David H. Whittum, Andrew M. Sessler, and John M. Dawson, Ion-channel laser, Phys. Rev.
Lett. 64, 2511 (1990)
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 5 × 1015 cm-3 – expected results
Table 5: Ion-Channel Undulator / Plasma Undulator properties at 5⇥ 1015 cm�3

Plasma parameters 1TW 2TW
Density 5⇥ 1015 cm�3

Critical Power (Pc) 38.7 TW 38.7 TW
P/Pc 0.03 0.05
matched-w0 103 µm 117 µm
a0 0.5 8.5 mm
�� 8.46 mm 13.4 mm
ZR (matched-w0) 3.34 mm 4.3 mm
�r/w0 0.29 0.26
��/�beam 0.3 0.3
KICU (undulator strength) 3.6 3.6
�ICU (��/2�2beam) 170 nm 170 nm
PICU (rad. power) 0.0002 W 0.0002 W
EICU (energy @ 1 ��) 5 ⇥10�12 J 5 ⇥10�12 J
Nph (@ 1 ��) 4 ⇥109 4 ⇥109

Appendix A : CO2-laser - 1 TW Parameter Scan

Here we present a density scan for several parameters relevant to the Ion-Channel Undulator at
1TW power of the CO2 laser. A list of these parameters which are examined in relation with
plasma density are as follows:
(i) Laser matched focal spot-size (w0[n0, P ])
(ii) Laser guiding (P/Pcrit, ZR[w0])
(iii) Plasma Structure phase velocity in relation to beam velocity (��[n0,!0]/�beam)
(iv) Density perturbation amplitude (�n/n0 / a0)
(v) Betatron wavelength (��), fundamental frequency, power and energy
(vi) Beam radius relative to structure dimensions (�r vs. w0)
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Summary and Key-points 

§                                – GOOD for LONG & UNIFORM Ion-Channel

§  Trans. & Long. size of the Ion-Channel – GOOD for e-beam overlap  
10μm laser excites plasma structures ~ much larger than 1μm laser

§  PIC simulations – significant undulation of beam e- trajectories in the channel

§  X-ray pulses – tunable wavelength from 10nm to 200nm – via plasma-density

§  X-ray pulses – 108 to 1010 photons

§  Tuning KICU – from 5 to 100

§  Planned applications – medical imaging with advanced imaging techniques

⌧laser � �pe

⌧laser  2⇡/!pi

!�(t) ' !pe/
p

2�(t)

!rad[n] = 2�2!�/(1 +K2/2) [n]

�u(t) ⌘ ��(t) =
p

2�(t) �pe

K(t) = r�(t)kpe
p
2�(t)

P̄� = remec
3�2K2k2�/3

W� = P̄� ⇥N� ⇥ ��/c

= 2⇡/3 remec
2�2K2k�N�

N̄s = Ws/h̄!rad

= ⇡/3 ↵fine (1 +K2/2)K2N�/[n]

3 Expected results - Ion-cannel laser experiments

We estimate various parameters for the Ion-channel Undulator experiment at di↵erent plasma
densities for ATF parameters achievable in 2017 (laser and e�-beam parameters in Table 1).
The parameters of Ion-channel undulator (laser guiding, electron betatron wavelength, radiation
wavelength, radiated power and energy) are summarized in tables 3, 4 and 5.

There are two major advantages of using Ion-channel undulator over the conventional mag-
netic lattice based undulators:

1. significantly lower values of �u and �� .
2. significantly higher equivalent magnetic fields (plasma electrostatic fields in the ion-channel

⇠ Eplasma/c) of the Ion-channel undulator.
Laser and Plasma parameter scans with density are presented in Appendices.
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Imperial-Gemini 1um laser - Medical Imaging results

courtesy : Dr. Jason Cole, Imperial College



Time Request

2 slots of 3 weeks in 2017

1TW (@3.5ps) [Early ‘17] & 2TW (@1.7ps) [Late ‘17]

1 week setup time
2 week runs

Thank You !
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UV spectrometer  248/310 

McPherson, 7-A Stuart Road, Chelmsford MA 01824-4107 USA  |  Telephone 1-978-256-4512  |  www.McPhersonInc.com 

1m f.l. Soft X-ray and Extreme UV Monochromator 
The 248/310 is a 1000 mm focal length Rowland circle grazing 
incidence vacuum monochromator. It has 0.02 nm fwhm 
spectral resolution with 1200 g/mm grating. Its precision slits 
are micrometer adjustable from 0.005 to 0.5 mm. The 248/310 
features a chord-length meter and manually operable 
wavelength drive for years of accurate and reproducible 
wavelength positioning. The scan controller provides 
computer/software control. The high performance instrument 
provides excellent performance from 1 nanometer up to 300 
nm in the UV.  

Use the 248/310 for XUV, SXR or extreme UV applications. The 
compact housing is easily adapted to most experiments. We 
can provide it complete with vacuum pumps, microchannel 
plates and CCD detectors.  

 
1 to 310nm range | Direct-CCD, scanning slit, MCP configurations | Large assortment of gratings 

 

Optical Design Rowland Circle Grazing Incidence Monochromator 

Angle of Incidence 87 degrees standard, 84 to 88 degrees optionally available 

Focal Length 1 meter 

Acceptance 20 mrad 

Wavelength Range refer to grating of interest for range 

Grating Size 20 x 25 mm (single, kinematic grating holder) 

Slits Continuously variable micrometer actuated width 0.01 to 0.5 mm. Settable height. 

Vacuum High vacuum 10E-6 torr standard, UHV optionally available 

Focal Plane 40 mm microchannel plate or 25 mm direct detection CCD 

 
 
Ordering Information 
Part Number: 181-104424 = Model 248/310 Rowland circle grazing incidence monochromator, 1m, 20 mrad, adjustable 
entrance and exit slits (requires scan controller and software) 


